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TECHNICALNOTENO.212.

SIMPLIFIEDPROPELLERDESIGNFORLOW-POWTXWDAIRPI@ES.

By FredE.Weick. .

.
Summary

Theobjectof thisreportistofu~ishthedesignerandbuild–...... ..
erof small airplanesa simplesystemforthedesigningof thepzo- -:—

pellerandthemakingofthedrating-An empiricaldesignmethodc...—...==+
isused,basedontestsofmodelpropellersina windtunneland

. .—.
fullscaletestsofpropellersinflight.Theactualdesigningis: -:T---
accomplishedby meansofchartsatiinvolvesvery.littlecalcula-

tion.Thelayingoutanddrawingof thepropellerarealsoreduced .7—.
tosimpleoperationsby theuseofa basicor~ster ProPellerwith .,.
dimensionsgivenin termsof thediameter.

Introduction

Foreverycombinationof airplaneandengine,thereisa cer-

taindesignofpropellerwhichwillgivethehighestmaximumspeed.a“ -..__

A slightlydifferentdesignhavinglesspitchandusuallygreater A-
diameterwillshowthebestperformanceinclimb.Thebestpro-

pellerforall-roundservicewillhavecharacteristicsbetweenthe

highspeedpropelleran@$heclimbingpropeller.As theservice

QTopeller.isthetypealmostuniversally

dealtwithinthisreport.

.,.==-

used,it is theonlyone
.

,i--. .-
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Inthecaseofa tracto~propeller,wherethefuselageis in

the~lipstream,thepowerabsorbedisgreaterthanthatof thepro-

pellerrunningalone.Theamountof thispowerincreasedepeadson

thesizeandform

consideredthata

eragefuselagea

Theaccuracy

of thefuselage.In thismethodofdesign,itis

tractorpropellerisoperatinginfrontofan av-

rithwhicha propellerwillfitcertainopeya%ing

conditionsdependsprimarilyon thecorrectnessof theperformance .
figures(HP.,R.P.M.,atiSpeed)of theairplaneandengine.If

thesearenotcorrectthepropellerwillnotgivethedesiredper-

formance.ThisreportiS basedondatasufficientlyaccuratefor

thedesi.gnofpropellersforairplanesrangingfrompowermodelsof
,

lessthanonehorsepowerttiairplanesofaboutfiftyhorsepower.

BasisofDesign ..

Thedatanecessaryforthedesigningofa propellerarethe

brakehorsepowerof theengine,therevolutionsperminuteof the .+
propellershaft,andthespeedoftheairplane.Thesecomprisethe

requiredperformanceofthecombinationofairplane,

pelle+,..~=.non-dimensionalcoefficientinvolvi~the

v= Afrspeedin ft.persec.

* P = Powerinf.t.lb.per.sec.

n= Revolutionspersec.

P = Densityofairinmassunits.

engine,and,pro-

abovefactors -.
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ThisrelationisdevelopedinN.A*C.A.TechnicalReportNo.

186byWalterS*Diehl.Usingengineeringunitsandthevalueof

p forstardardatmosphere,therelationbecomes

Performancecoefficient=:~’’~z’) -
.. ....

where v= Airspeedinmilesperhoti

HP*= Brakehorsepowerof engine

N= Revolutionsperminute~. =

Thisequationcanbe readilysolvedby meansof thenomo~am .

inFig.1*

Theoperatingconditionsofanypropelleraregcwernedby the ..=
airspeed,therevolution~,andthepropellerdiameter.Theseare

putintoanotherdimensionlesscoefficientcalled

J=

where d=

D =

Anypropeller

ratiop/D, basa

.—

v . RR’=;
z m’
- -—.—— ,_ _

Propellerdiameterinfeet

Propellerdiameterininches.

ofpitchp, anddiameterD,

definiteoperatingconditionor

wliichitworksat itsmaximumefficiency.It

J atwhichit shouldbe operatingwhenit is

propelleronanairplanetravelingatmaximum

Fig.2 isa curvemadeup ofa seriesof

also

J.

orpitch-diameter

valueof J at

hasa valueof

anall-roundservice
.

speed.

thesevaluesof J

forvaryingpitch-diameterratios,plottedagainsttheircorrespond---—-—
coefficient

.,.r
‘“ pvs ;

.,
Pn2/..

ingvaluesoftheperformance . .,.

--—
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?, ThedataforthiscurvearebasedonDurand~sNavyModelTests,.

butareentirelymodifiedby flighttests,a fewofwhichweremade

underthedirectionofprofes~orE.P.LesleyatLangleyField.

Mostof them>however,areregularpropellerperformancetests.The.

.
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curveisforservicepropellersworkinginfrontof

averageresistanceandproportions.Theuseof the

givingdirectlythevaluesof J and p/D forthe

ficient-:obtainedfromthenomogram(Fig.1).

Thediameteristhengivenbytherelation

10-56VD=-yj-

Thepitchisfoundbymultiplyingthediameter

diameterratiofoundinFig.2,or p = P/DX D-

Efficiency

a fuselage of .

curveissimple,

performancecoef-_

by thepitch-

Theapproximateefficiencyof thepropellerwhenworkingat the

operatingconditionorvalueof J forwhichitwasdesigned,is

showninFig.3- Thevalueof theefficiencyishigherforthe

highervaluesof J.

A geared-downpropelleroperatesata highervalueof J than

a correspondingdirectdrivepropellersandisthereforemoreeffi-

cient,otherthingsbeingequal.

Thepropellerefficiencyat thespeedforbestclitiisusually

from,87to .93of thatforhighspeeds

Withtheefficiency,HP.andspeedknown,
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Thrustin

No-212

lb. =
— .—, -

.375X HP.X efficiency‘-
v .

Strength

Thestressesima propellerofgivenpropo~tions

5

varyas the

—
—.

squareofthetipspeed.Practically,thetipspeedvarieswiththe

diameterandtherevolutionsperminute.If theproductof therev-

olutionsandtbediameterininches(ND) islessthan170,000,

thestressesin theparticulardesignofpropellerusedinthisre-

portwillbe so lowthatsprucecansafelybeused. Ifitisunder

-210,000WalnUtorwhiteoakwillbe sufficientlystrong,butfor.

anythingoverthisfigure,birchorhickoryshouldbeused. If,as
+. veryrarelyhappens,ND exceeds240,000,thisdesignoannotbe -.V

4-:. safelyused,anda thickerbladewillbenecessary,entailinga 10SS.-
of efficiency.

*“
LayoutarilDrawing

Thelayoutof the
.

mensionsnecessaryfor

●

.

-k “-

.

basicpropellerisshowninFig.4. Alldi-

drawingthepropellerareshownintermsof

thediameterwiththeexceptionofthebladeanglesatitheairfoil

sections.A drawingof themastersectionis-showninFig.5.

Thebladeanglesarebasedonuniformgeometricpitch,sofor

anysection --
hta;bladeangle= Znr

where r istheradiusof thesectionin termsof thediameter-

Fig. 6 isa seriesofc&es showingthebladeanglesplotted
,-

.1
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againstthepit”~-diameterratiop/D,

of thebasicpropeller.

6

foreachof thesixsections

Itwillbe noticed~hatthecentersofgravityof thesections

lieona linewhi& isdeterminedbyoffsetsfromtheradialCenter-

line(Figs.4 and7). ,Thisisforthepurposeof reducingthe

stresses.

Care~!ustbe takentodistin~ishcorrectlybetweenright-hand

rotationad left-handrotation.A right-handpropellerturns .. .

clockwisewhenviewedfromt-neslipstream.Thebasicpropellerin

Fig.4 isright-handandtheexampleinFig~7isleft-’~fic. ,.
?

ActualStepsinDesigna~ Layout

Given:Brakehorsepower,revolutionsperminute,speedinmiles

perhour,enginehubdimensions,anddirectioncf rotation.

1. PerfC)rKinceCoefficient(Fig.1).

(a)A straightedgeis runthroughthegivenHP,on thehorSe-.—
powerscaleandthroughthecorrespondingvalueof N ontherevo-—
lutionsperminutescale,andthepointwhereitcrossestherefer-

encelineismarked.

(b)Thestraightedge‘isthenTun

referencelinethroughthegivenspeed

fromtheabovepointon the

on themilesperhourscale,

andthevalueisreadwherethestraightedgecntsthePerformance-J
Coefficientscale.

2. J andp/D (Fig.2).

(a)Thepointforthevalueof thePerformanceCoefficientis
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(b)Thevalueof.J isreadon scaleatleft,

(c) Thevalueof p/D‘oisreadon scaleon tinecurveitself. “

3. Diamet”er.
h.p.k. A.

(a)D = % ~inches,
U.P.F-?. .

4. Efficiency(Fig.3). .

(a)Theefficiencyisdeterminedforthevalueof J found

Fig.2.

54 Dimensionsnecessazytolayingoutthepropellerarefouti _

multiplyii~gthedimensionsgivenon thebasiopropeller(Fig.4)

theabovediameter.

6- Thedimensionsof theindividualbladesectionsarefound

&ltiplyingthemaximumbladethicknessby theordinatesshown

themastersection(Fig.5). Thesectionsaredividedinto’ten

equaldivisionswiththedivisionnearesttheleadingedges~bdi- _

vialedintohalvesandquarters. .-

Thetwosectionsnearestthehubaredoublecambered.These

arefiguredasif theyweretwosinglecamberedairfoilsplaced

facetoface,butnewradiiaredrawninat theleadingandtrailing

edges.

7* The.bladeanglesarefoundfortheabove P/D onFig.6,

forthevarioussections.

8* Thelayoutismadefull.scaleorlarger,firstdrawingthe

centerlinesandlinesofthecentersofgravityof thesectionsas

showninFig.4. Thesectionsaredrawninaroundtheirrespective
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centersofgravityat thecorrectbladeangles.Theyareprojected

up togetthesideelevationandplanviews.Thedimensionsmarked_

“scale”inFig.4,aremeasuredon theseviewsandcheckedby the

correspcrdingmeasurementson thesections.

Thelaminationlinesaredrawninas shownin theexample(Fig.

7). Laminationsmaybefrom 1/411to111thick,allof thelamina-

tionsina singlepropellerhavingthesamethichess,excePtthe _

outsideones.Thelaminationlinesshould

ingthatthepropellerisfair,andWillbe

Thisisa goodcheckon-thedimensionsand

be snnothcurves,show-

withoutbumpsorwaves- “.._

drawing, ::

.. Example
..,

Given: HP-= 20\,.
N= 2000revolutionsperminute .-

V= 60milesperhour

Rotation- Left-hand

Hubdiwnsionsas showninFig.7.

,
.

.

..’

1. PerformanceCoefficient= 1.01(Fig.1)
(Thesolutionof thisis shownon thefigure.)

2. Fora valueof theperformancecoefficientof1.01,

J = .484 and p/D = .560 fromFig.2+
\

3. Diameter,D = ~= 1056X 60 - 65.5inches-
2000x .484”–

Pitch,p = p/DXD = .560X 65-5 = 36.7inches.

4. FromFig.3,for J = .484 theefficiencyis .71or
71$.
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5. Thedimensionsnecessaryforlayout are foundfromthebasic

propellerandthemasterbladesection(Figs.4 and5). (Thesemay

be checkedonthedrawingof thisexample,Fig.7.)

6+ Thebladeanglesfor p/D = .560 arefoundfromF5.g.6,
●

as follows:
,

Section Angle

.075.D 50●CR

.15D 30*7°
●

.225D 21.6°

.

.-.

.30D 16.5°

.37!5!3 13a4°

.45D ..11.3°
(.

7. Thecompletelayoutand“workingdrawingof thepropeller ..

is showninFig.7. .
8S Theproductoftherevolutionsperminuteandthediameter .

in inchesis
, ND= 2000x 65*5 = 131,000.

Thisiblessthan170,000,sothatsprucemay. beusedinmakingthe

propeller.

.
.

●✍

● ✎✍

✎
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